INTRODUCTION
Over the past few years, ir)terest has grown in hypersonic and supersonic cruise vehicle design.
Research studies are currently being performed to evaluate the feasibility of advanced aircraft such as the high-speed civil transport. From these studies it has become clear that the exhaust nozzle of the vehicles will have to be optimized for thrust while restricting length for overall weight reduction.
Optimization of exhaust nozzle:; has been an ongoing research topic for many years. I-ady attempts consisted mainly of trial and error procedLres for assumed nozzle shapes, lip angles, exit velocities, etc. Considerable judgement was needed to arrive at an "optimized" nozzle. A more systematic approach was developed by Rao (1) .
Variational calculus and the method of characteristics were used in order to compute the contour.
Recently, Rao's melhod was modified and assembled into a computer prc,gram by Nickerson (2). Significantly reduced vehicle weights can be obtained with two-dimensional, nonsymmetric nozzles and further weight reduction can be achieved by truncating the nozzle cowl upstream of the last nozzle ramp characteristic. However. because of this truncation the design will be affected by the external flow as illustrated in Fig. 3 .
If the nozzle flow is underexpanded, an oblique shock wave and slip line will form at the cowl truncation point due to the interaction of the external and internal flows. The incorporation of the external flow effects into the optimization of the exhaust nozzle contour defines the problem which is presented in this paper. The thrust on the nozzle is given by re 2 sin(t-e) cose_ .
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The length of the nozzle may be computed from ,jr
r sin_¢-e)1. at E. If radial and axial distances at point E are both specified, the upper limit in Eq. (10) is fixed and the last term in the equation disappears from the variational solution.
Since f3M " f3s =0, these terms may be eliminated from Eqs. (11) and (12) 
The density, pressure and velocity can be considered functions of Mach number and computed from isentropic flow relations. Utilizing these relations it follows that dp/P T) 2
The partial derivatives flM and f2M are determined from Eqs. (7) and (8) Since the flow properties will differ in regions 2 and 2' in 
